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I

INTRODUCTION

The purpose of this research was to investigate the

effect of the silicate ion and the hydroxyl ion on the removal of potassium ethyl xanthate by galena; since the former ion is encountered during flotation' owing to dissolution
of silicates, and also sodium silicate being often used to disperse gangue minerals, and the latter one is encountered during floating in an alkaline cireui t.
As we know, the primary re qui si te for notation, a pro-

cess of ore concentration, is adhesion between air and mineral,
for air to be able, at least, partly, to replace water at the

mineral surface.

If replacement of water by air is impossible,

flotation as now generally practiced is impossible.

ccording

to the experiment carried out by Taggart and his cO-"?lorkers (1)

(1)

Taggart, A.F., T. C. Taylor and C. R. Ince:

ments nth Flotation Reagents, Trans. A.I.M.E. Vol.

Experi-

87, pp. 285--

368, 1930.

galena reacts with aqueous solution of the xanthate, and has its
surface sufficiently altered so that there is a tendency for air
bubbles to attach themselves to the mineral crystals, -whereas,

there was no such effect before the treatment.

It is postulat.-

ed that a unimoleeular film of lead xanthate is formed on the
surface of the galena particles.

This film is oriented nth the

2

xanthate part of this compound in the water phase.

The sur-

face is then air avid and. when an air bubble contacts such a
surface it may adhere.

Therefore, in this problem a basic assumption, that a satura.ted film of lead xanthate will be formed on the surface of
galena in the presence of a sufficient amount of aqueous solu-

tion of xanthate, was used.

In order to substantiate this idea,

various concentrations of aqueous potassium ethyl xanthate solutions were added to a series of galena samples which had the

same weight and the same surface.

The tests show that after a

certain concentration was reached for this given weight of

S~

pIe and 'With a fixed reaction time, the abstraction of xanthate
from solution is independent of the concentration of xanthate.
This, in turn, means that once a saturated film is formed no

more reaction will occur between the xanthate and the galena.
The effects of silicate ion and hydroxyl ion

~re

then in-

vestigated.- In these tests, that concentration of potassium
ethyl xanthate necessary for a saturated film was used.

Then,

by adding various amounts of silicate or hydroxyl ion ( in terms

of sodium silicate or potassium hydroxide ), the effect of these
two kinds of ions on the abstraction of xanthate by galena was
traced.

Finally, for the sake of correlating these facts 'With practical conditions, actual flotation tests were run.

l.he effect

of the silicate ion and of the hydroxyl ion upon the recovery of

3·

galena can be related to the effect of these ions on the abstraction' of xanthate by galena.

4

n
.
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REVlEW OF LITERATURE

As stated in the introduction, in order to carry out this
problem systematically, the action of potassium ethyl xanthate
on galena was studied.

It is worthwhile to review the previous

work which has been done on this and on the effect of silicate

ion and hydroxyl ion on the abstraction of xanthate by galena.
I.

Action of potassium ethyl xanthate on galena:
Early in 1930, a study of the reaction of alkali-metal

xanthates on galena was performed by Taggart and his collabora-

tors (Op. cit. p. 1).

In their experiment, galena was first

exposed to water and then xanthate solution was added.

On addi-

tion of xanthate there occnred:
a.

Abstraction of xanthate ion from solution.

b.

Marked increase in concentration of OH ion.

c.

Marked increase in concentration of

= ion.
S04

d • No increase in concentration of Pb+ion.
Later, Taylor and Knoll (2) showed that in addition to sulfate

(2)

Taylor, T.C. and A. F. Knoll:

Action of Alkali Xan-

thates on Galena, Trans. A.l.M.E., Vol. 112, pp. 382-397, 1934

and hydroxyl ions as stated above, other ions, such as sulf-

oxides, and carbonate ions are given up by the mineral to the

5

aqueous solution also, and the amount of these ions thrO'Wll out
by the mineral is equivalent to the quanti ty of abstracted xan-

thate ion.
According to the work of Wark and Cox (3), the concentration

(3)

Wark, I.W. and A. B. Cox:

Principle of notation,

Trans. A.I.M.E., Vol. 112, pp. 189-244, 1934.

of the xanthate has little effect on contact angle provided
that it is somewhat above the critical value at which contact
occurs.

They also pointed out that the full ethyl xanthate

angle corresponds to a complete xanthate film and that a reasonable excess of xanthate has little effect on developing this com-

plate film.

However, the word ftreasonable ft has to be emphasiz-

.

ed because according to Taylor and Knoll (op. cit. p. 3) the

falling off in the amount of xanthate ion abstracted by galena
from the solutions of higher concentrations of potassium ethyl
xanthate is due to the formation of soluble complex ions; and
the insoluble crystals of pure precipitated lead xanthate disappear readily -when shaken wi. th an excess of a eoncentrated aqu-

eous solution of potassium ethyl xanthate.

Temperature has little effect on developing contact angle,
which in turn, has little effect on developing a saturated xan-

thate film (4).

(4)

Regarding the function of xanthate on galena,

ark, I. W. and A. B. Cox, Principle of Flotation VI,

6

Mining Technology, T. P. No. 876, Jan. 1938.

Taggart and his collaborators (5) as well as Gaudin (6) have

shown that the removal of xanthate ion by galena increases

Taggart, A.F., T. C. Taylor, and A. F. Knoll:

(5)

Chem-

ical Reactions in Flotation, Trans. A.I.M.E. Vol. 87, pp. 217-

260, 1930.
(6)

Gaudin, A.M.: Flotation, p. 198, McGraw-Hill Book Co.,

Inc. New York, 1932.

with time of exposure of the galena to air, after grinding and

before treatment nth potassium ethyl xanthate.

In the same way,

they stated that deoxidation of galena surface resul ts in reduc-

ed xanthate ion abstraction and increased floatability.
the other hand, Ravitz and Porter

(7)

But on

(7) brought forth evidence

Ravitz, S.F. and R. R. Porter:

Oxygen-free Flotation

I, T.P. No. 513 A.I.M.E., 1933.

that galena can be floated wi thout a collector provided the oxidation products are thoroughly removed from its surface.

Ravitz (8) presented more data to support this idea.

(8)

Ravitz, S.F.:

Later

In 1941,

Oxygen-free notation, II, T.P. No. 1147

7

A.I.M.E., 1940.

Knoll and Baker disproved (9) this statement.

(9)

Knoll, A.F. and D. L. Baker:

Since that time,

Adsorption of Potassium

Xanthate by Galena In Oxygen-free Atmosphere T.P. No. 1313, 1941.

no more experimental results could be found on this aspect.
II.

Effect of Hydroxyl Ion on Removal of Xanthate by Galena:
It has been shown experimentally by Wark and Cox (op. cit.

p. 3) that for the flotation of galena ldth potassium ethyl

xanthate as collector, the pH value alone, and not the· nature
of the alkali, influence,d the recovery.
In accordance with an observation of Barsky (10) adsorp-

(10)

Barsky:

Discussion of Paper by Wark and Cox (Foot-

note No.3) Trans. A.I.M.E. Vol. 112, pp. 236-237, 1934.

tion of xanthate on galena will not occur, but hydroxyl ions

may possibly be adsorbed if the galena is placed in a solution
in which the ratio of xanthate ion to hydroxyl ion is smaller

than a fixed constant.
In.

Effect of Silicate Ion on Removal of Xanthate by Galena:

The effect of silicate ion on flotation of galena has
been investigated by Gaudin and Malo'zemoff (11).

In their

8

(11)

Gaudin, A.M:. and Plato Malozemoff:

Hypothesis for

the Nonflotation of Sulfide Minerals of Near-Colloidal Size,

Trans. A.I.M.E. Vol. 112, pp. 303-318.

tests, the silicate ion, either naturally furnished by the
dissolution of the gangue or artificially increased by adding
sodium silicate, was reacted with mineral before the charge was

floated with potassium amyl xanthate.

The conclusion is that

the effect on notation varies as some inverse function of the

concentration of silicate ion.

9

ill
THEORY.~~~:·

From a general review of the literature, we can easily
find out that all but two of the theories of the action of xan-

thate on minerals are now discredited.

These two are the theory

of adsorption and the theory of chemical reaction.
The theory of adsorption was first introduced by Taggart
and Gaudin (12) supported by the experiment of removal of tar

(12)

Taggart, A.F. and A.M. Gaudin:

Surface Tension and

Adsorption Phenomena in Flotation, Trans. A.l.M.E. Vol.

68,

pp. 479-536, 1923.

acids from solution by sulfide.

Later deduction was made to

collectors of xanthate type by various investigators.

The main

point in this theory is that the formation of a film of collector on the surface of the mineral in the solution is due to tladsorption" and the action of xanthate on galena is in sueh a way
~

that xanthate is directly adsorbed by a lead sulfide surface.

After this theory had dominated the field of flotation for a
few years, the latter theory was introduced by Taggart and Knoll
(op. cit. p.

h). Following this

line, Taggart, Ziehl and. Del

Giudice (13) added to this theory some new statements.

(13)

After this

Taggart, A.F.G.R.M. Del Giudice and O. A. Ziehl:

10

The Case for the Chemical Theory of Flotation, Trans. A.l.Y.E.

Vol. 112, pp. 348, 381, 1934.

theory had been widely adopted, a detailed quantitative investi-

gation of the ions involved in the action of alkali xanthates

on galena was done by Taylor and Knoll (op. cit. p. 2) •

Aceord-

ing to their assumption, at the lower concentration of potassium ethyl xanthate (less than

25 mg. per liter) the amount

of

xanthate abstracted by the galena can be accounted for by the
amount of reducing ions of the (Sm 0n)= type and sulfate ion

thrown into solution following the chemical reactions:

PbSmOn + 2K++

-

2X =

Pb X2 + (Sm0n) + 2K

_

PbS04 + 2K+ 2X == Pb X2 -

~

:11-4-

S04-

2K

At higher concentration of xantha.te ion (greater than

25 mg. per

liter), the amount of xanthate ion abstracted cannot be accounted for by liberated sulfate ion and the reducing ions (~ 0n)=
together, and it is only at these higher xanthate-ion coneentrations that hydroxyl. ion can be found.
In this problem, the basic principle of the chemical theory

was adopted, that for a given particle size a saturated film of
lead xanthate will be formed after the addition of sufficient

amount of xanthate.

The formation of the film was visualized in

such a way that at first only a part of the film formed and. then

it increased as the concentration of xanthate increased.
and by, the whole surface of the galena was blanketed.

By
Once

this film had been established, or in other words after the !ormation. of a saturated film, no more xanthate ion reacts 1Vi th the

11

surface of the galena.

In case there are silicate ions or hydroxyl ions present,
the surface of the galena will be partly covered by these ions

and the free surface to be covered by xanthate is less, which,
in turn, was shown by the less amount of xanthate abstracted.
This idea can be clearly shown by the statement discussed by
Barsky (op. cit. p.

5).

According to his suggestion the ratio

of the concentration of the xanthate ion to the hydroxyl ion is
constant.

If, when the galena is placed in the solution, the

ratio of the concentration of these two ions is greater than
the value of the constant, adsorption of xanthate ions occurs
and will continue until equilibrium is reached.

If, on the

other hand, the ratio of these two ions is smaller than the constant, adsorptioR of xanthate will not occur, but possibly hy-

droxyl ion may be adsorbed.

12

IV
CHEMICAL REAGENTS AND APPARATUS USED

I.

Chemical Reagents used:
O.0002N, O.003N.

a.

Iodine:

b.

Tartaric acid:

c.

Toluene.

d.

Acetic acid:

e.

Potassium Hydroxide solution:

a.3M.

O.OSM.
O.OIN, C.IN and one

Normal.

II.

f.

Potassium sulfate solution:

g.

Terpineol.

h.

Ortho sodium silicate.

O.2M.

4Pparatus used:

a.

Glass-electrode pH meter.

b.

La Motte disc-type pH meter.

c.

Air stirrer.

d.

Separatory funnel.

e.

Suction pump.

f.

A laboratory flotation minerals separation, 250
grams capacity machine.
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v
PREPARATION, PROPERTY and PURIFICATION
of POTASSIUM ETHYL XANTHATE

Xanthates are the reaction products of carbon disulfide,
an alcohol and an alkali.

They are formed by additive re-

action in the molecular proportion

l:~:l

with the splitting off

The general reaction may be written:

of water.

ROH

t-

t

CS2

MOH

---~..

~O';' ROCSSll

in which R stands for alkyl hydrocarbon radical and

for an

alkali metal.
The pure potassium ethyl xanthate is a pale cream crystalIt is very soluble in water and the solution is

line solid.

nearly neutral (pH

=7 -8). The

percent of hydrolysis of 0.01

molar solution of it, according to the results of Schaum,

Siedler and Wagner

(14)

(lh)

,ark, I. W.:

is shown as follows:

Principles of Flotation, p. 86, Aus-

tralasian Institute of Mining and Metallurgy, 1938.

TABLE I
HYDROLYSIS OF POTASSIUM ETHYL XANTHATE

DAYS

1

2

PERCENTAGE 0.0 0.7
HYDROLYSED

3

4.

5

6

0.9 1.2 2.1 2.8

7

8

Commercial xanthate may contain 10% of an ether soluble compound such as dixanthogen, and 10% of solid matter insoluble in
alcohol.

The solid salt is fairly stable but after a few months

it develops a deeper color and an objectionable odor.

It is

probable that the decomposition is due to the combined action of

oxygen and carbon dioxide, di-xanthogen being formed.
The purification is carried out as follows I

Flrst, wash the

compound wi thether to remove di-xanthogen or other oily oxidation products, and then recrystallize from alcohol or acetone by
addition of ether.

This process is repeated until the highly

objectionable odor resembling that of carbon disulfide has been
replaced by a faint, sickeningly sweet odor, and the color has
become pale cream.

15

VI
EXPERIMENTAL PRO CEDURE

The experimental procedure followed in carrying out
this problem may be divided into two parts, one for the total

abstraction tests and the other for the actual flotation tests.

I.

A.

FOR TOTAL ABSTRACTION TESTS:

Preparation of Sample:

Large pieces of galena about 1/8 11 to

broken down by a hammer to, -48 .;.65 me~h.

1/4"

on edge were

,.

The cleaned galena

particles which were separated in a hindered settling tube were
washed with ethyl alcohol to remove any grease and then were
dried on filter paper in a desiccator.

After the galena was

completely dried, i t was ground in a porcelain mortar and passed through a 200 mesh brass sieve.

For the purpose of keeping the amount of surface of galena
constant, this -200 mesh product was rolled on a rubber cloth
and then split into 128 parts by means o:f a small Jones riffle
sampler.

Each lot contained about 7.8g.

Only

7.5g.

wa.s used

in the te sts.

B.

Mixing:

7.5g.

of the cleaned powdered galena was put into a 500 c.

c. rubber stoppered bottle, containing 250 c.e. of aqueous potassium ethyl xanthate solution.

The bottle was then put into

one of eight compartments of a square l' x 2'

X

2' box which
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was slowly revolved (30 r.p.m.) so that the powdered galena
kept falling gently through the solution.

After mixing half

an hour, the mixed product was then filtered off by using a
suction pump and a Buchner' funnel.

In order to make sure that

the surface remained constant after mixing, two samples were
run in parallel under exactly the Same conditions i.e. reacting with the same concentration of potassium ethyl xanthate
solution and the same mixing period during the first fourteen
tests.

The results checked very well as shown in part I, App-

endix I.

c.

Iodine Titration:
The purpose of titration was to determine the total amount

of potassium ethyl xanthate left after reaction which, in turn,
gave the amount of

to~al

abstraction.

ically pure soluble starch.

The starch used was chem-

In order to get a sharp end-point

with the minimum amount of iodine, in every

50

c.c. aliquot por-

tion of the filtrate 3 c.o. of 0.2 M potassium sulfate solution
was added together with 3c.o. of starch solution.
The action of the filter paper during filtration is uncertain.

Some of it is acidic, and a weakly alkaline solution fil-

tered through it becomes acid.

This will cause trouble during

working wi th lower concentration of potassium ethyl xanthate because if the filtrate is made too acid (pH

-5

or less) xanthic

acid is formed and decomposes into a non-iodine consuming product.

This can be prevented by using an asbestos mat in a

Gooch crucible; but in this research, due to the limitation of

17

time and numerous tests to be done, a somewhat shorter method
was used.

This was to make all the original solution to an

alkalini ty of pH

-7.5

-8 and to use only one brand of filter

paper, which had been tested.

The pH value of, every filtrate

was recorded to make sure the pH value was not below

5.

The filtrates from the treatment of galena "With high concentration of potassium ethyl xanthate are alkaline; the pH
value is greater than 9.

.At this alkalinity, iodine is ch?-Ilg-

ed to hypoiodite, iodate etc., so it is necessary to bring the

pH value of the filtrate down to 7 to 8 with 0.05 M acetic acid,
which amount was determined by taking out a

50

c.c. aliquot por-

tion of the filtrate and making a side titration with phenophthalein.
D.

Determination o:f Total Reducing Tons:

50

c.o. of the filtrate was pipetted into a 150 c.c. beak-

er to which were added 3 c.c. of 0.2 M potassium sulfate solution and 3 c.c. of starch solution.

The mixture was then titra-

ted with 0.002 N iodine.

The iodine titer is due to the chemical reactions as follows:
2(C= S-O- C2HSS)-+ 2 1 ° - (C= S·OC2HSS)2+ 2 1(SO)+- 2 1°+ H20- (SOu

r

+

2I+2H

T

2(S2 0)=+ 2 1° - - - (S406)+ 2 1-

The volume of 0.002 N iodine necessary to give a visible blue
color with a starch suspension is appreciable.

Therefore, a

blank correction, that is, the iodine required for

50

c.e. of

distilled water, 3 c.c. of starch solution and 3 e.e. of potass-

~8

ium sulfate solution, was made to avoid error.
E.

Determination of Reducing Ions Not Xanthate:

Added

50

c.c. of 0.3 M tartaric acid (pH 2-3) to a

aliquot of the filtrate.

posed instantaneously.

50

c.c.

The xanthic acid thus formed decom-

A strong odor could be detected as soon

as the tartaric acid was ad.ded in the solution.

In order to in-.

sure complete removal of the xanthic acid, the acidified aliquot
was extracted in a separatory funnel by shaking rith two 20 c.c.
portion of toluene.

Because xanthic acid is miscible in this

organic solvent any trace of xanthic acid rill be removed.

The

aqueous layer of the extraction to which was added one water
washing of the toluene layer was titrated wi thO.OO2 N iodine
after the addition of 3 c.e. 0.2 N potassium sulfate solution
and 3 c.c. of starch solution.

A blank correction was applied

as before.
F.

Determination of Impurities:

It is important for calculating the total abstraction of
xanthate by galena to know the origin.al strength of xanthate in
term of 0.002 N iodine.

The iodine used in titrating the origi-

nal solution of potassium ethyl xanthate after the blank correction is 'not the amount of xanthate available for reaction with
galena..

This can be shown by acidifying the xanthate solution'

with tartaric acid or sulfuric acid as stated in E.

If the xan-

thate solution would contain no other reducing ions, the iodine
used should be equal to that used for the blank test owing to
all xanthate having been removed by decomposition and extract-
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ion with toluene; but, in fact, the iodine used was always great.er than what should be.

Therefore, in this experiment, we call-

ed these reducing ions impurities.

After subtracting this from

the total iodine used for the original solution, the difference
will give the xanthate available.

II. FOR ACTUAL FLOTATION TESTS

A.

Preparation of Sample:
The galena used in this test was crushed, cleaned, ground,

rolled, and sampled as in the process used for preparation of
the sample for the total abstraction test.
that the size of powdered galena was

-65

The difference was

mesh instead of -200

mesh and the weight of each sample was 50 grams.
B.

Preparation of Ortho Sodium Silicate Solution:
Due to the impurities in the ortho sodium silicate, the

solution of it has a pH value about 12.6.

In order to inves-

tigate only the silicate ion, not together with alkalis, the pH
value of the solution was brought down to 8-9 by adding dilute
sulfuric acid.

(Concentrated sulfuric acid should be avoided

which might cause silicic acid to form locally).
C.

Flotation Tests:
After 50 grams of powdered galena had been dumped into the

cell of a laboratory flotation machine of minerals separation
type, the reactants were added.

(In investigating the change

in recovery due to the change in concentration of potassium
ethyl xanthate, various amounts of xanthate solution were added.
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In testing the effect of silicate or hydroxyl ions on recovery
a fixed amount of xanthate solution was added together with various concentrations of silicate ion or hydroxyl ion respectively).

The motor was turned on and the pulp was conditioned for qne
minu te.

Two drops of terpineol were then added for frothing.

Air was admitted and froth was removed for a period of one and
a half minutes.
D.

Contents of the cell were then removed.

Filtering and Weighing:

The concentrate and tailing were filtered and dried on a
hot plate at the lowest heat.

After constant weight was

ed, these products were weighed on an analytical balance.

percentage of recovery was then calculated.

obtai~

The
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VII
EXPERIMENTAL RESULT

I.

Influence of Concentration of Potassium Ethyl Xanthate
on Total Abwtraction of Xanthate by Galena:
The results are shown in column 3 in Table II, and the

corresponding curve for these data was plotted in Figure 1.
These data in column 3 were calculated from the original data
in terms of iodine, as shown in part I, Appendix I.

The meth-

od of calculation is shown in the same Appendix.
It can be easily seen from the curve in figure 1 that

when the concentration of aqueous potassium ethyl xanthate solution was below 516 mg. per liter, the more concentrated the solution was, the greater amount of xanthate was -abstracted from

the solution by galena.

As soon as this point was reached, no

more xanthate was removed despite the solution being more concentrated than before.

In other words, the action of potassium

ethyl xanthate on galena has its limitation once this point has

been reached and no further action takes place.
with the
II.

assumpti~n

This checked

of the saturated film.

Influence of Addition of Hydroxyl Ion on Total Abstraction:

Difficulty has been experienced in titration during investigating this effect when high concentration of potassium ethyl

xanthate solution was used because the quantitJ of xanthate not
T

abstracted was so large that dixanthogen formed and gave the

501-

22

ution first white, then yellow, and finally, a bluish color.
This difficulty was overcome by taking only

trate and diluting it to

50

c.c.

25 c.c. of

the fil-

However, it might accentuate

the experimental error during calculation, but the error was
much less than that obtained when the concentration of xanthate in the sample to be titrated was too high.
and its corresponding curve ~ Figure

.5

Table III

show the tendency of

the hydroxyl ion to depress the removal of xanthate by galena.
The calculation for column

III.

4

is shown in Appendix I.

Effect of Silicate Ion on Total Abstraction of Xanthate
by

Galena:

From the.resu.lt shown, in table IV and the corresponding
curve in figure 7 the conclusion can be drawn that the effect of
silicate ion which was added at the same time as the collector

is not so detrimental as hydroxyl ion.

Even if the concentra-

tion of silicate in the solution was increased seven-fold, the
total abstraction decreased onlyabout'20%.

However, whether

the curve will ha"'ve .an abrupt change or not is unknown, due to
the difficulty in filtration when the silicate solution was increased to 12 grams per liter.

However, these data are sugges-

tive and further work is required.

The calculation for total

abstraction is shown in Appendix I.
IV.

Influence of Concentration of Potassium Ethyl Xanthate on
Recovery:
The recovery increased rapidly within the range of 1.12 mg.

per liter to 11.2 mg. per liter of aqueous potassium ethyl xanthate solution but the inflection point occurred at the concen-
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tration of 16.8 mg. per liter; after this point the recovery
leveled off in spite of the concentration having been increased

to 280 mg. per liter.

Table V and Figure

4

indicated this

change; but due to the limitation of graph paper and for the
purpose of magnifying the important part of the curve the point
corresponding tb the concentration of 280 mg. per liter was not
plotted in the curve.

Extrapolation of the curve will show it

clearly.
V.

Effect of Hydroxyl Ion on Recovery of Galena by Flotation:

Table VI and figure 6 show how the concentration of hydrox-

yl ion decreased the percentage of recovery of galena by flotation.

The reason for the slope of the curve in figure 6 not

being so steep as that in figure

5 might

be due to the grease

adhering on the surface of galena.
VI.

Effect of Silicate Ion on Recovery of Galena by Flotation:
The result shown by actual notation test indicates that

the effect of silicate ion on recovery is less marked as was
noted on the total abstraction test of xanthate by galena.
Table VII and figure 8 indicate the tendency of its effect.
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TABLE II.

Removal of Potassium Ethyl Xanthate from
Aqueous Solution by Galena

Test No.

Original
Solution
(mg./liter)

1

28.8

2

57.6

3

KEtX Removed

*

pH

(Mg.jlOg. PbS) Bef. Abs.

8.55

Aft. Abs.

7.8

1.3

18.0

7.8

7.2

86.4

24.0

7.6

7.1

4

115.2

28.5

7.8

7.3

5

172.8

36.6

7.8

7.3

6

201.8

41.1

8.2

7.7

1

2)0.4

48.6

8.5

9.1

8

259.2

46.2

8.5

9.2

9

288.0

49.2

8.7

9.6

10

316.8

48.3

8.2

9.1

11

345.6

46.2

8.7

9.2

12

460.8

57.3

8.7

9.2

13

576.0

58.5

8.2

8.9

14

691.2

·60.6

9.4

9.8

IS

1152.0

60.0

9.6

9.7

* These values are calculated from

experiment~

resUlt.

The method of calculation is shown in Appendix I.
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TABLE III.

Effect of Hydroxyl Ion on Removal of

KEtX from Aqueous Solution by Galena

Test No.

Reactants

KEtX

(Mg./L.)

pH Value**-

IlION KOH
. (c.e./L.)

1

576

6

2

576

3

KEtX Removed,
Mg.* per 10 g.
PbS.

10.4-10.6

62.8

11

lO.8-11

4,.4

576

,a

11.2-11.4

16.9

4

576

96

11.4-11.6

19.4

5

576

124.8

11.6-11.8

11.8

6

576

150

11.6-11.8

8

1

576

187.2

11.8-12

16.4

8

576

212.h

11.8-12

15.0

**

These values are 0.2 less than that of theoretically calclIllated.

The theoretical values are shown in Appendix II.
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TABLE IV.

Effect of Silicate Ion on Removal of

KEtI: from Aqueous Solution by Galena

Reactants

Test No.

KEtX

(Mg.jL.)
1

643.6

Na 2Sio

(g.jL.

KEtX Removed,*

pH Value

y

Mg./IOg. PbS

0.0

8.3

58.0

2

II

0.8

8.5

3

"

1.6

8.6

4

It

2.4

8.6

5

It

3.2

6

"

4.0

8.4
8.4

56.5
55.1
47.5
45.2
44.0

7

It

5.6

8.8

42.3

TABLE V.

Effect of Increasing Amount of Potassium Ethyl

Xanthate on Flotation of Galena

Test No.

Concentration
of Solution
(Mg.!l.)

Weight of Galena, in grams
Tailing
Recovery in
Concen-

%

trate

l

l.12

hh.81

8.92

85.2

2

2.8

4'.83

3.77

95.3

3

5.6

50.21

3.60

96.0

4

11.2

51.ho

2.53

98.4

5

22.h

50.86

2.78

97.3

6

56.0

51.09

2.70

97.8

7

112.0

51.66

2.37

98.9

6

280.0

.51.21

2.66

98.0

9

560.0

51.46

2.56

98.0
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Effect of Hydroxyl Ion on Flotation of

TABLE VI.

Galena wi th KEtX as Collector

Test No.

Reactants

KEU
(Mg./I.)

IN KOH
(c.e.j1)

Wt. of Galena, in grams
ConcenTailing Recovery pH Value**
trate
(in %)

1

11.2

3

49.3

4.L.2

94.3

11.2

2

1l.2

10

44.6

9.44

8h.8

11.7

3

11.2

43.2

10.9

82.2

11.9

4

11.2

42.1

11.8

79.9

12.1

S

11.2

40.8

12.9

77.3

12.2

6

22.4

15
25
40
15

96.4

11.9

TABLE VII.'

50.3

3.58

Effect of Silicate Ion on Flotation

of Galena with KEU as Collector

Test No.

Reactants
KEtX
Na 2SiOj
(Mg./I) (gfJ-.

wt..

of Galena, in ~s

Goncentrate

Tailingcovery pH Value*"

98

8.9

4.04

95.7

8.9

48.5

5.26

92.7

8.8

6

48.0.

5.96

91.6

8.6

8

47.8

6.25

91.4

8.5

1

11.2

1

51.1

. 3.12

2

11.2

2

50.0

3

11.2

h

4

11.2

5

1l.2
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TABLE VIII.

Erratic Result Due to Mixing by

Air-Stirer (stiring period 30 min.)

Weight of S?JIlPle
(in grams)

Original Solution
(in Mg/liter)

Iodine Used After Abstraction (in cc.)

10

39.2

6.5

10

39.2

6.1

10

39.2

10

39.2

5.6
7.5

10

39.2

9.1

10

39".2

6.3

10

39.2

7.9

39.2

7.8

39.2

6.5

39.2

6.3

176.8

29.8

176.8

32.4

176.8

34.2

176.8

34.1

7.5
7.5
7.5
7.5
7.5
1.5
7.5
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VIII
GENERAL DISCUSSION

The amount of xanthate abstracted by galena depends mainly

on its surface.

As stated in the experimental procedure, dur-

ing carrying out of this experiment the sample was carefully
rolled, and split.

But due to the brittleness of the galena

particles difficulty was faced in mixing.

Table VIII shoW's the

erratic result of the xanthate removed by same weight of galena

which has been mixed by an air stirrer •

Undoubtedly, new sur-

face has been formed due to the breaking up of galena particles.
Therefore, to find a suitable method of mixing so as to keep the

surface of the sample tested constant, is a vital point to be
emphasized before any test is made.

The idea that there is a

saturated film on the surface of the galena after a sufficient
amount of aqueous potassium ethyl xanthate has been ,abstracted

as pointed out in the experimental result is indirectly supported by the result presented by Gaudin and his collaborators (15)

(15)

Gaudin, A.M., F. Dewey, W.D.Duncan and others:

Re-

actions of lanthates "With Sulfide Minerals, Trans. A.I.ll.E.

Vol. 112, pp. 319-347, 1934.

on removal of potassium n-amyl xanthate from aqueous solution
by cerussite.

They concluded that the abstraction of xanthate

from solution is almost

indep~ndent

of the concentration of
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xanthate in solution if a very large amount of xanthate is
present, and this evidence shows that the coating of lead
xanthate is sufficiently compact to prevent further reaction
after the abstraction is complete.

in figure 3 for comparison.

Their data were plotted

The work done by Taylor and

Knoll (op. cit. p.3) showed another proof of this assump-

tion of saturated film even though their view-point was different.

One of their results was plotted as shown in Figure

2.
The result of this experiment was plotted in Figure 1.

It is note-worthy that there might be a break along the curve
When the concentration of the aqueous potassium ethyl xanthate solution lay within

t~e

'range of 230.4 to

345.6

mg. per

li ter because arou.n« these concentrations the amount of potassium ethyl xanthate removed by galena did not change very
much.

Further investigations and interpretations are needed.

Regarding the depressive effect of silicate ion on flo-

tation, Gaudin and Malozemoff (op. cit.
statements:

p.S) have made two

first, they postulated that poor recovery by

flotation of sulfide mineral particles will result even in

the absence of slime coating, if the surface of these particles
has become coated wi. th a com.pound consisting of the anions of
the gangue and the cation of the mineral.

This will take

place provided an opportunity is given for the formation of
such a depressing coating before the colleotor is permitted
to form its own coating on the mineral surface.

.And then
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after testing with galena and silicate ion either naturally
furnished by gangue such as aplite or artificially supplied
by adding sodium silicate, they concluded that the effective-

ness of flotation varies as some inverse function of the concentration of silicate ion.

According to this statement,

however, two important factors cannot be over-looked.

These

are the priority of adding silicate ion and collecting reagent (for example potassium ethyl xanthate) and the quantity
of these two ions respectively.

In the experiment carried

out by Gaudin and Malozemoff (op. cit. p.S) the silicate ion
came into action prior to the collector's ion; but in this

research, silicate ion and xanthate ion were put into the
charge to be floated at the same time.

The effect 0f sili-

cate in our experiment is not so drastic as in theirs.

'l'his

might lead to an ar gument as to when the collector should be
added in case that there will be silicate ion from dissolu-

tion of the gangue mineral.

If we confess the fact that the full contact angle between air bubble and galena surface which has been altered
by xanthate will occur at the time when the saturated

film

has formed then the critical pH value for a given concentration of potassium ethyl xanthate above which contact is impossible and below which full contact is possible will be

the same eritical pH value for a given concentration of potassium ethyl. xanthate above which abstraction of xanthate by
galena is impossible and below which the saturated film will
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be formed.

In this problem when the effect of hydroxyl ion

was investigated the concentration of potassium ethyl xan-

thate was fixed above 500 mg. per liter.

At this concen-

tration according to the work of Wark and Cox (op. cit. p.3)

the critical pH value will be 11.9 •

Unfortunately, this val-

ue cannot be investigated since the xanthate left was so
great that the end point of the titration was not sharp enough; as shown by the figure

5, the last two points in the

curve were far, however, if the tendency of the curve is correct then the extrapolation of

t~e

curve will give this crit-

ical value as pH of 11.8 to '12.
For the convenience of the laboratory work the pH values

were varied by .varying the volume of KOH added and the pH val-

ues were determined by the La Motte pH meter.
are shown in column

4

in table III.

These values

Some of these values

are 0.2 less than theoretical values by ealeulation.

This

error may be due to the personal error in comparing the color

of the dye and the sample or the KGH was not 0.77 dissociated
as shown in the handbook of Chemistry and Physics.

The cal-

culation for theoretical pH value is shown in Appendix I.
The tendencies of the curves in Figure

5 and 6 are con-

sistent with the suggestion of Barkey (op. cit. p.S) as stated in part III-theory, and with the widely accepted suggestion
that the function of the alkali is to lower the lead ion concentration to such a low value that the xanthate is prevented
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from being adsorbed, rather than that it is replaced at the
surface by the hydroxyl ion.

For, if any solid lead hydroxide

is formed from the lead ions derived by surface solution, the

solubility product (Pb*Jx (OH-J

2

constant.

adsorption, namely that (Pb++Jx (X-)2

tion solubility

produet~

tion that (X-y<OHJ

2

The condition for

should exceed the adsorp-

is therefore equivalent to the condi-

should exceed a certain secondary constant--

the constant of the ratio of the concentrations of the xanthate

ion to the hydroxyl ion.
Test number 3 and 6 in Table VI, give more evidence of

what has been suggested by Barsky (op. cit.

p.S). Due to the

concentration of the xanthate ion in test number 6 being doubly
greater than th,at in test number 3 and the concentration of the
hydroxyl ion being the same, the depressive. effect of the hy-

droxyl ion on recovery of galena by notation as shown in test
number 3 was nearly nullified; in other words, at such a con-

centration of xanthate ion as in test 6, the ratio of the xanthate ion to the hydroxyl ion was greater than the constant.
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·IX

CONCLUSIONS

The floatability of galena after its surface has been al-

tered by treating with xanthate is usually investigated by the
measurement of contact angle.

According to what has been

shown by Taggart and his collaborators (op. cit. p.l) the

extent of adhesion between the air bubble and the galena surface depends mainly on· the degree of alteration of the surface
by the xanthate.

Thus, in the light of the chemical theory,

it depends on what extent the coating of lead xanthate has

formed; or in other words, how much xanthate has been abstracted.

In case there are some other ions than xanthate ion this

degree of alteration must be decreased due to the formation
of another coating on part of the surface.

'Iherefore, the

effect of silicate ion and hydroxyl ion on the action of the

xanthate on galena purposely brought out and expressed this
effect not indirectly by the measurement of the contact angle
but directly by measuring the amount of the xanthate abstracted
by galena.

The result of this experim.ent showed that this can

be done.

In the absence of other depressants or activators, for a
given concentration of potassium ethyl xanthate, the more hy-

droxyl ion was present, the less amount of xanthate was abstract-

ed by galena.

The extrapolation of the curve corresponding to

data abtained from the various tests coincides with the result
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obtained by measuring contact angle by Wark and Cox (op. cit. p.

3) •
Th~

presence of silicate ion usually depresses the abstraction

of xanthate by galena.

This may be due to the formation of lead

silicate coating which is inert to the action of the xanthate.
Therefore the free surface which would be otherwise covered by
xanthate was decreased.
The less surface of galena for xanthate to react, the less
amount of xanthate will be abstracted by galena; and so, the less

percentage of recovery will be.

The actual flotation test of

this experiment showed the same tendency as, that predicted by
the abstraction test.

Hence, the conclusion may be drawn that

both the silicate ion and hydroxyl ion depress the abstraction
of xanthate by galena, while the silicate ion has less marked
effect than the hydroxyl ion.
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x
SUMMARY

1.

Constant particle size distribution is important in both

abstraction test and flotation test.

To fulfill this require-

ment careful rolling on a rubber cloth and sampling by a small
Jones riffle sampler have been done.

2.

In order to insure that the same new surface has been form-

ed after mixing, two samples were run in parallel under exactly

same condition i.e. reacting with same concentration of potassium
ethyl xanthate solution and same mixing period during first
fourteen tests.

3. Iodine titration was used throughout the abstraction test.
The result was expressed in terms of amount of O.OO2N iodine needed.

Based on this, the amount of potassium ethyl xanthate re-

moved by galena in mg. per 100 grams of it were calculated.

k.

The action of potassium. ethyl xanthate in various concen-

trations on galena was investigated.

The amount of xanthate

necessary for the formation of a saturated film was determined.

5.

The reducing ions present after decomposing the origiBal po-

tassium ethyl xanthate solution with allid and extracting with
toluene were assumed to be unable to react with galena.

These

are called impurities.

6.

Th,e effect of silicate ion as well as hydroxyl ion on re-

moval of xanthate by galena was determined.

7•

Impurities in the commercial ortho sodium silicate caused

high pH value.

In order to investigate the effect of silicate

ion only, pH value was brought down to 8-9 by dilute sulfuric
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acid for every test.

8.

pH value higher than 10 was determined by La Motte disc type

pH meter for the sake of accuracy.

Because in this. high a.lka-

linity pH meter of glass electrode type must be buffled with

buffer solution of pH 10 which is not available in this ex-

periment.

9.

Actual notation tests in a laboratory flotation machine of

the minerals separation type were made in order to substantiate

the results of abstraction tests under the influence of silicate ion and hydroxyl ion.
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APPENDIX I
PART I

I.

Original Experimental Result for Table II:

The following

SO

50

result was based on

c.c. stock solution and/or

c.c.

filtrate.

Test No.

Stock

rmp.

IODINE USED ,FOR

xanthate Reducing
Left

3.2

1

.~

f

Ion

Reducing, Ion
Not Xanthate

1.2

1.2

1.2 (parallel run)

6.'

2

.6

1.6

1.6

1.6

9.7

3

.9

2.1

2.0

2.7

4

12.8

1.1

4.3

2.2

4.48.4
B.L.

3.0

,

19.2

1.5

6

22.4

1.9

.....

10.1

3.4

10.1
7

25.6

2.0

10.4

3.1

10.4
8

28.8

2.6

14.8

14.8

4.1

45

OrigiBal Experimental Result for Table II (continued)
Test No.

9

Stock

32.0

ap.

2.5

IODINE USED FOR

xanthate Reducing
Left

f

Ion

16.0

Reducing Ion
Not Xanthate

3.0

16.0
10

37.4

2.5

22.5

3.8

22.4
11

38.4

2.9

25.0

5.0

25.1
12

51.2

3.8

33.5

5.2

33.5
13

68.0

4.0

50.0

5.5

50.0

14

76.8

5.8

56.5

5.7

56.L.

15

132.0

8.5

'112.9

9.4

112.6

n.

Method :for Calculation of Total Xanthate Removed by Galena

(in Mg. KEU per 100 grams galena):

General Formula:
(KEtX available for Reaction with Galena) - (KEtX Left)

Amount of Xanthate Removed by Galena
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Test No.

Total Abstraction in Terms of Iodine

= 2.85

1

(3.2-0.35)

2

(6.6-0.6)

3

(9.7-0.9)- -( 2.7-0.1)-( 2-0.2)

4

(12.8-1.1)- (4.3-0.1)-(2.2-0.2)

5

(19.2-1.5)- (8.4-0.1)-(3-0.2) • 12.2 c.c.

6

(22.4-1.9)- (10.1-o.1)-(3.h-0.2)

= 6.0

c.o.

c.c.
• 8 c.e.

=9.5 c.o.

8

=13.7 c.c.
(25.6-2)- (10.4-0.1)-(3.1-0.2) =16.2 c.c.
(28.8-2.6)- (14.8-0.1)-(4.1-0.2) =15.4 c.c.

9

(32-2.5)- (16-0.1)-(3-0.2)

7

= 16.4 c.c.

=16.1 e.c.

10

(37.4-2.5)- (22.5-0.1)-(3~8-0.2)

11

(38.u-2.9)- (25-0.1)-(5-0.2) - 15.4 c.c.

12

(51.2-3.8)- (33.5-0~1)-(5.2-0.1)

13

(68-4)- (50-0.1)-(5.5~.1) • 19.5 c.e.

14

(16.8-5.8)-(56.5-0.1)-(5.1-0.1)

15

(132-8.5)- (112.9-0.1)-(9.4-0.1) = 20.0 c.c.

Now, since 1 c.c. of iodine is equivalent to

=19.1 c.e.

=20.2
0.45

c.c.

mg. KEtX,

the total abstraction in mg. KEtX per 100 grams galena is,

therefore, equal to:
Amount of xanthate abstracted in term of iodine x

Where

7.5g.

0.45

x

is the weight of galena reacting 'With 250' c.c.

of stock solution.

Let the amount of xanthate abstracted in

term of iodine equal to "a".; and combine the terms
(100/7.$) which is equal to 30.

0.45

x

5x

The general formula for con-
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a x 30.

version is:

The product of this conversion is shown in

column 3, table II.

PART II

I.

Original. Experimental Result for Table III:

based on

The result was

50 c.o. of stock solution and/or 50 c.c. filtrate.

Test No.

IODINE USED FOR

Stock

Imp.

xanthate Reducing

Left

.f Ion

Reducing Ion
Not Xanthate

47.5
Sh.O

7.1

63.0

6.2

62.5

6.7

4.8

65.5

7.0

6

68.8* '4.9

67.5

7.4

7

36.5** 2.8

33.5

3.6

8

36**

2.,8

33.5

3.8

4

4.7
68.0 h.8
68.8* 4.2
68.0 5.l

S

68.8*

1
2

:3

68.0

* New p,otassium ethyl xanthate
** New stronger iodine.
II.

6.1

solution.

:Method of Calculation and Conversion:

same as Part I.

The constant for old xanthate is 28.2, for new
it is 22.), for new iodine it is

45.6.

xanthat~

48

PART III

I.

Original Experimental Result for Table IV:

Test No.

Stock

Imp.

IODINE USED FOR

xanthate
Left

II.

1

52.8

2

52.8

3

52.8

4

52.8

5

,2.8

6

52.8

7

52.8

5.1
4.6
4.6
4.7
.4.5
4.5
5.0

f

Reducing
Ion

Reducing Ion
Not Xanthate

33

5.5

33

.5.0

34

38

5.0
5.0
5.0
5.1

39

6.0

36

31

Method of Calculation and Conversion:

Same as Part I.

The constant is 29.08.

APPENDIX II

I.

THEORETICAL pH VALUE FOR TABLE III:

Since in original

experiment" only 250 c.c. solntion was used, therefore, the
volume of potassium hydroxide added is one quarter of that

shawn in column 3, Table III.
pH value is as follows:

The calculation for theoretical
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For example, we added 12.5 c.e. of l/ION KOH in 250 c.c.

water, since there are 12.5 c.c. of IlION KOH in 250 c.c. water
and 1 c.o. of IlION KOH solution contains 1/10000 moles, therefore, one liter of water contains

,a

x l/lOOOO moles.

But, the

degree of dissociation of 1/10 N KOH solution is 0.77 (this
value is assumed to be the same as 1 N KOH), so that:

(-log 3.85)

pOH •

13

= 2.h2;

and

pH .. 11.6.

By using the same method, the theoretical pH values for Table
III are a s follows:

TEST NO.

1

3

2

pH VALUE: 10.7 10.9

5

4

11.6 11.9

12

1

8

12.1

12.2

6

12

The theoretical pH values for Table VI are as follows:

TEST NO.

1

pH VALUE

11.4

2

3

h

5

12.3

12.5

50
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